The authors examined the psycho-physiological effects of viewing short segments of 360° videos using a head-mounted display (HMD) in terms of the type of content and the viewing environment. Twenty participants viewed 360° videos with varying features using an eye-tracking HMD consisting of a smartphone fitted in a case containing optics. Ten participants were seated on a swivel chair and the others on a fixed one. As objective indexes, changes in the direction of gaze and body rotation (shoulder and head) were measured during viewing. As subjective indexes, motion sickness, emotional reaction and presence and immersion were measured. The results of the objective indexes showed that gaze tended to focus on the center of the screen when there was more camera motion. Further, chair swiveling increased head motion and horizontal eye movement. Results of the subjective indexes showed that the content type affected subjective symptoms of sickness and emotional arousal. Furthermore, chair swiveling augmented these symptoms and decreased the arousal level. In conclusion, it is suggested that the behavioral and psychological responses of viewing short segments of 360° videos using an HMD are affected by both the characteristics of the content being viewed and the viewing environment.
Introduction
Applications of virtual reality (VR) have been rapidly developing and spreading of late. VR is widely used in games and other forms of entertainment, while 360° VR videos can be played on video distribution websites. With the availability of HMDs based on smartphones, it has become easy to view 360° videos at the consumer level. On the other hand, viewing a 360° image using an HMD might result in discomfort. Conventional research on this topic has focused mainly on HMD performance, such as frame rate (Meehan ,2001 ) and viewing angle (Lin et al., 2002) as well as drawing accuracy characteristics such as resolution (Zimmons et al., 2003) and delay (Moss et al., 2011) . Now, with the widespread availability of HMDs at the consumer level, the use of HMDs in various viewing environments can be assumed. The authors have been studying the psycho-physiological effects by viewing 360° videos using a consumer HMD (Tsukada et al., 2016) . Results indicate that viewing 360° videos tends to result in characteristic body movements. Further, it is suggested that differences in video content also have an influence. In the present work, the authors examined the psycho-physiological effects of viewing short segments of 360° videos using an HMD in terms of the type of content and the viewing environment.
Method

Apparatus
An SMI Mobile Eye Tracking HMD (Samsung Gear VR with Samsung Galaxy S7), which can measure direction of gaze, was used (SMI Mobile Eye Tracking HMD based on Samsung Gear VR, 2016). Audio was presented using a Bluetooth earphone. The chair can switch swiveling or fixed with a switch, and the chair fixed in order not to move. (Figure 1) 
Materials
Participants
Participants were 20 adults with normal visual functions. The purpose of the experiments was explained to participants in advance and their consent was gained. Ten of the participants viewed the videos while seated on a rotatable chair and the others were on a fixed one.
Objective Indexes
Related to viewing behavior, changes in the direction of gaze and body (shoulder and head) rotation were measured during viewing. Rotation of the body was captured using a GoPro video camera (30fps) and the rotation angle per second was calculated by image analysis. Gaze direction was measured using the SMI eye tracker (FOV 96°, frame rate 60Hz).
Subjective Indexes
Data were collected using the Simulator Sickness Questionnaire (SSQ) (Kennedy et al., 1993) as an indicator of degree of motion sickness, the Self-Assessment Manikin (SAM) (Bradley et al., 1994) as an indicator of emotional reaction, and the Igroup Presence Questionnaire (IPQ) (IPQ overview, 2017) as an indicator of presence and immersion. SSQ evaluates motion sickness by total score based on three factors: nausea, oculomotor, disorientation. SAM comprises affective valence, dominance, and arousal; in this study, affective valence and arousal were measured as they relate to viewing. IPQ consists of general presence, spatial presence, involvement and experienced realism.
Procedure
Participants were familiarized with the experimental procedure through preliminary trials. During these trials, they adjusted the focus with the dial on the top of the HMD. The SAM and SSQ questionnaires were completed before and after observation of the videos while IPQ was completed after viewing. They watched the calibration marker, then they watched each video, each video was viewed for 90 seconds. In order to sustain concentration, participants were given the task of memorizing scenes in the videos. An adequate break was provided between each viewing. Considering the possible influence of viewing order, the video presentation order was randomized. 
Results
Gaze Movement
In this study, a steady gaze is defined as a state in which eye movement was less than 5°/s for more than 150 ms (Fukuda et al., 1996) . In HMD, the gaze point is considered on the HMD screen or the spherical VR space. (Figure 2) After excluding missing data and low tracking rate data, results obtained from 14 participants were used in the analysis. First we consider the results on the virtual display. Examples of gaze heat maps are shown in Figure 3 . In these figures, variations are observed in the spread of gazes. A two-way ANOVA was conducted to analyze the effects of content type and chair swiveling or fixed on the sum of gaze movement, but there was no significant correlation.
Next, we describe the results on the VR space. Examples of changes in gaze direction are shown in Figures 4. In these figures, variations can be observed in gaze. A twoway ANOVA was carried out on the width of the steady gaze in the horizontal/vertical direction. Content type had a significant effect in both horizontal and vertical directions (p<.01). Furthermore, the rotatable chair had a significant effect in the vertical direction (p<.01). A two-way ANOVA was carried out on the sum of gaze movement, but there was no significant correlation.
Body Movement
A two-way ANOVA was conducted to analyze the effects of content type and chair swiveling or fixed on the sum of rotation of chair, shoulders, and head. On the rotatable chair, content type had a significant effect on the amount of chair swiveling (p<.01). Further, content type had a significant effect on the amount of head rotation. Chair swiveling or fixed had a significant effect on the amount of rotation of head and shoulders (p<.01). There was a twoway interaction between content type and chair swiveling or fixed on the amount of rotation of the shoulders (p<.01).
SAM
A two-way ANOVA was conducted on the difference in SAM score before and after viewing the videos. Content type and chair swiveling or fixed had a significant effect on the arousal score (p<.05). There was no significant effect on the affective valence score. (Figure 5) 
SSQ
A two-way ANOVA was conducted on the difference in SSQ score before and after viewing the videos. Content type had a significant effect on nausea, oculomotor and total score (p<.05). Chair swiveling or fixed had a significant effect on the oculomotor and total score (p<.05). There was no significant effect on the disorientation score. A two-way ANOVA was conducted on the IPQ score after viewing the videos. Content type had a marginally significant effect on spatial presence (p<.10), but there was no significance in the other results.
Discussion
Objective Indexes
In terms of body movements, it is confirmed that there are variations according to the content being viewed. In particular, chair swiveling increased head rotation in the horizontal plane. Direction of gaze also changed according to the type of content. Gaze tended to concentrate on the center of the screen when there was more camera motion. Further, chair swiveling was found to affect the direction of gaze in the vertical plane.
Subjective Indexes
Differences in degree of arousal according to the content being viewed are confirmed. Content features such as camera motion, spatial layout, and the numbers of visual targets had an influence. Further, chair swiveling tended to reduce the emotional response. The type of content was also found to affect most of the SSQ score. Camera motion, in particular, was important here, while chair swiveling tended to increase the oculomotor score. On the other hand, content type had no distinct correlation with spatial presence. This is considered a result of the low level of immersive experience in this experiment, because of the lack of interactivity in the activity.
Conclusion
In this study, the psycho-physiological effects of viewing 360° videos using a head-mounted display are examined with various viewing environments and content types. Two major conclusions arise from the results, as follows.
・The features of video content being viewed influence viewing behavior, feelings of motion sickness and degree of emotional arousal. ・Chair swiveling affects shoulder and head rotation, vertical eye movement, and oculomotor and emotional arousal scores.
